Objective. The purpose of this presentation is to illustrate the normal sonographic anatomy of the anterior neck region and the sonographic findings of various kinds of extrathyroid lesions. Methods. Cases of extrathyroid lesions were collected and reviewed retrospectively from our archives. All of the sonographic examinations were performed with high-frequency (5-to 15-MHz) linear array transducers. Results. The normal sonographic anatomy of the anterior neck region and various pathologic conditions of patients with extrathyroid lesions are discussed. Conclusions. Sonography is a useful imaging method for evaluating anterior neck anatomy and various pathologic conditions in patients with extrathyroid lesions. Key words: neck anatomy; sonography; thyroid glands. ith the increased use of state-of-the-art sonography, many anterior neck lesions, including thyroid lesions, are being found. Sonography of the neck is extremely sensitive in detecting thyroid and parathyroid lesions, cervical lymph nodes, and other neck lesions, 1 although some parathyroid lesions with an ectopic location can be missed by sonography. The high sensitivity of sonography is due to the superficial locations of most structures within the anterior neck and superior sonographic imaging provided by small parts transducers with frequencies of 7.5 to 15 MHz.
Materials and Methods
The teaching files of our institution were searched. We retrospectively reviewed medical records and their associated sonographic features. All sonographic examinations were performed with a 7-to 15-MHz linear array transducer (HDI 5000; Philips Medical Systems, Bothell, WA), an 8-to 15-MHz linear array transducer (Acuson Sequoia; Siemens Medical Solutions USA, Inc, Mountain View, CA), or a 5-to 12-MHz linear array transducer (iU22; Philips Medical Systems). With the use of the HDI 5000 and iU22 machines, compound imaging was performed in all cases.
Sonographic Findings

Normal Anatomy
The anterior neck consists of a central visceral space and surrounding vascular, nervous, and muscular structures ( Figure 1 ). The central visceral space includes the thyroid gland, parathyroid glands, cervical trachea or esophagus, recurrent laryngeal nerve, and paratracheal, prelaryngeal, and pretracheal lymph node groups. 1 Various diseases originating from organs in the visceral space can make differentiation of thyroid lesions difficult.
Parathyroid Diseases
The location of the parathyroid glands is variable. Humans usually have 4 parathyroid glands. The superior parathyroid glands are located at the posterior portion of thyroid gland at the level of upper or mid pole of the thyroid gland.
1,2 The location of inferior parathyroid glands is more variable. However, they are usually seen at the inferoposterior portion of the thyroid gland. 1, 2 Normal parathyroid glands are not typically seen with sonography. However, pathologic parathyroid glands can be seen with sonography. Typically, parathyroid adenoma appears as a wellcircumscribed round or oval hypoechoic nodule ( Figure 2) . 2 Parathyroid adenoma is the most common cause of primary hyperparathyroidism. Reeder et al 3 reported the characteristic imaging features and a systemic scanning approach for localization of parathyroid adenomas in patients with primary hyperparathyroidism. They suggested that several color Doppler features, including peripheral and polar vascularity, an enlarging feeding artery, and vascular asymmetry from localized hyperemia, could be useful for identifying parathyroid adenoma. 3 However, several structures such as lymph nodes, multinodular goiters, and other tumors found within the visceral space may mimic parathyroid adenoma. Infrequently, parathyroid adenoma may have cystic degeneration (Figure 3 ) and contain calcifications. 2 Parathyroid cysts are uncommon but when present are most commonly located below the inferior thyroid border. On sonography, a parathyroid cyst usually appears as a simple cyst with a prominent and thin wall (Figure 4 ). With fine-needle aspiration, there is a high level of parathyroid hormone within clear fluid.
Central Lymph Nodes
Lymphatic tissue is abundant in the neck. Within the visceral space, many level VI lymph nodes exist. Most reactive lymph nodes can be easily differentiated from other masses because of an internal hyperechoic fatty hilum on sonography ( Figure 5 ). However, pathologic central lymph nodes can be difficult to differentiate from other masses such as parathyroid lesions. Various diseases such as metastasis, lymphoma, and other benign conditions can manifest as pathologic lymph nodes at the central area. Metastatic lymph nodes ( Figure 6 ) from papillary thyroid carcinoma can show cystic changes, hyperechoic punctuations, and loss of the hilum. 4 Reeder et al 3 
Hypopharyngeal or Esophageal Lesions
A pharyngoesophageal diverticulum is usually found incidentally during esophagography. 5 A pharyngoesophageal diverticulum occurs at sites of anatomic weakness in the hypopharynx or in the cervical esophagus near the cricopharyngeus muscle. 6 With the increased use of highfrequency sonography in evaluation of the neck, a pharyngoesophageal diverticulum can be initially detected on neck sonography. Because a pharyngoesophageal diverticulum contains air, this lesion can be misdiagnosed as a thyroid nodule with calcifications. However, trapped air within a pharyngoesophageal diverticulum can produce echogenic foci with a comet or reverberation artifact, which can help in differentiating a pharyngoesophageal diverticulum from a thyroid nodule with calcifciations. 7 A few reports have described several sonographic features for differentiating thyroid nodules from pharyngoesophageal diverticula. 7, 8 These fea- tures are as follows: first, there are changes in the shape and shadowing of the internal echoes that are associated with content changes in the diverticulum during swallowing; second, there is a connection to the esophagus ( Figure 7) ; and last, there is a peripheral echogenic line or a boundary hypoechoic zone that is suggestive of the stratal structure of the digestive tract ( Figure 7 ). Esophageal carcinoma constitutes only about 1% of all cancers and 7% of cancers in the gastrointestinal tract. 12 For detection of esophageal malignancy, including early esophageal cancer, double-contrast esophagography has been widely accepted as the best diagnostic technique. Sonographic examination of the hypopharyngeal and cervical esophagus can be difficult. Therefore, sonograms are not routinely used to evaluate hypopharyngeal or esophageal cancer. Anatomically, the hypopharynx and esophagus are located near the posterior portion of the thyroid gland. Therefore, a mass originating from the hypopharynx and esophagus can be misinterpreted as a thyroid mass (Figure 8 ). When evaluating the neck node status for staging of hypopharyngeal or esophageal malignancy without the patient's history, the possibility of misdiagnosing the malignancy as thyroid in origin exists.
Tracheal Lesions
The extrathoracic trachea is encased anterolaterally by the thyroid gland. Therefore, tracheal masses can be found on sonographic evaluations of the neck. The most common tracheal tumor in adults is squamous cell carcinoma, followed by adenoid cystic carcinoma. 13 Squamous cell carcinoma is seen as focal or circumferential irregular thickening of the tracheal wall with luminal narrowing. In contrast to this, adenoid cystic carcinoma is a low-grade malignancy that tends to insidiously invade into the submucosal plane of the trachea. Adenoid cystic carcinoma is seen as either a broad-based or pedunculated polypoid lesion. It may show smooth or nodular thickening of the tracheal wall ( Figure 9 ) with associated luminal narrowing.
Paratracheal air cysts are rare lesions, which are histologically lined by ciliated columnar epithelia and communicate with the trachea.
14-17 Most of them are located at the right posterolateral aspect of the trachea and are easily found by computed tomography (CT). 14, 15 When sonography of the neck is performed, a paratracheal air cyst can be misdiagnosed as a parathyroid or thyroid mass. 18 The reported sonographic feature of a paratracheal air cyst is a masslike lesion containing hyperechoic foci at the right inferoposterior aspect of the thyroid gland and to the right of the trachea (Figure 10) . 18 Internal hyperechoic foci within a paratracheal air cyst on sonography were due to air, which was proved by a phantom model by Kim et al. 18 Unlike pharyngoesophageal diverticula, there are no chronologic changes during swallowing.
Mediastinal Lesions
Many kinds of masses can arise in the prevascular space of the anterior mediastinum. These include thymic masses, germ cell tumors, lymphoma, thyroid masses, parathyroid masses, and other growths. Occasionally, a mediastinal mass can initially present as a cervical mass. [19] [20] [21] A mass originating from the superior mediastinum may extend superiorly into the thyroid space (Figures 11 and 12 ), just as a thyroid mass such as a goiter may extend inferiorly through the thoracic inlet into the superior mediastinum. On sonography, differentiation of these two lesions can be difficult, therefore needing additional imaging studies such as CT or magnetic resonance imaging (MRI). Among various mediastinal masses, teratoma can be easily diagnosed on CT or MRI when the mass has a fat component. 22 Therefore, the possibility of a mediastinal mass should be considered when the inferior margin of a cervical mass cannot be evaluated by real-time sonography.
Other Extrathyroid Lesions Originating From Surrounding Structures
Soft tissue fibromatosis can be divided into superficial and deep lesions. Desmoid tumors (deep fibromatosis) arise from musculoaponeurotic structures of the limb, neck, trunk, abdominal wall, and mesentery. 23 Desmoid tumors invade contiguous tissues and are most common between 25 and 35 years but can occur at any age. 23 The lesion is typically firm or hard and usually painless. Most neck desmoids are found in the upper neck ( Figure 13 ). The tumor may be difficult to manage because of involvement of the great vessels, trachea, and brachial plexus. Surgery is the treatment of choice.
Peripheral nerve sheath tumors in the neck are relatively rare. The most common types are schwannoma and neurofibroma, which can be seen as a hypoechoic mass with distal acoustic enhancement on sonography (Figure 14) . 
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Sometimes a target sign can be seen in peripheral nerve sheath tumors, with a hypoechoic peripheral zone and a hyperechoic central zone on sonography. 24 A heterogeneous appearance with cystic degeneration is much more common in schwannoma than neurofibroma. 24 In this study, a peripheral nerve sheath tumor could be differentiated from a thyroid mass by the appearance of a well-demarcated mass separated from the thyroid gland and a mass effect of the adjacent thyroid gland from the tumor. A B
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Conclusions
Radiologists should be aware of the various conditions that can affect the anterior neck surrounding the thyroid glands. To diagnose anterior neck lesions, sonography is the cornerstone for localizing, differentiating, and guiding biopsy. Although some of these disease processes may present as extrathyroid lesions on sonography, knowledge of the sonographic features of extrathyroidal lesions, a clinical history including laboratory findings, and aspiration or biopsy may be helpful in evaluation of some extrathyroid diseases by allowing for differentiation between thyroid and extrathyroid lesions. Therefore, an awareness of a wide range of extrathyroid lesions is important to avoid misdiagnosis and to help with further diagnostic evaluations. 
